Abstract: This study assessed the prevalence and risk factors associated with underweight, stunting and wasting among children aged 0-24 months in six districts of Kilimanjaro region, northern Tanzania. A cross-sectional population-based study using a multistage, proportionate to size sampling was conducted from June 2010 to March 2011. A structured questionnaire was used to collect sociodemographic, economic, feeding and child information. Anthropometric data were collected by trained field workers, and the data were used to assess child nutritional status. A total of 1870 children were enrolled in this study. The prevalence of children classified as underweight was 46.0%, stunting was 41.9%, and wasting was 24.7%. About 33% were both underweight and stunted, and 12% had all three conditions. In a multivariate logistic regression, child age, child being ill and birth weight were associated with all anthropometric indices. Child being breastfed was associated with being underweight and wasting. Mother's education was associated with being underweight and stunting. Fathers aged 35+ years, and living in the Hai district was associated with stunting, and being female was associated with wasting. The prevalence of child undernutrition is high in this region. Strategies that target each risk factor for child undernutrition may help to reduce the problem in the region.
Introduction
Child undernutrition in all its forms is a global health concern. Underweight, stunting and wasting are reported to be serious problems affecting developing countries [1] . Child undernutrition has short and long term effects. The short term effects include morbidity and mortality as it is reported to magnify the progression of disease and it contributes to 53% of deaths among children [2] . The long-term effects
Sampling Procedures
Multistage, proportionate to size sampling was used to select participants from six districts of the region. Village and street by single age population data from the 2002 census with 2009 projections were obtained from the Kilimanjaro regional bureau of statistics office in April 2009.
Initially, the populations of 0-36-month-old children for each village/street were listed with a column showing a cumulative population, which was used as a sampling frame. The sampling interval was then calculated: the total populations of 0-36-month-old children was divided by the required number of clusters, i.e., 50. A random number between 0 and 1 was generated from a computer and the starting point for selection of the first cluster was determined by multiplying the random number with the sampling interval. The subsequent cluster was located by adding the sample interval to the previous number until the 50th cluster was selected. Compact segment sampling was used to select households within the clusters. The selected clusters, i.e., enumeration areas, were mapped into segments with approximately equal populations. The number of segments was equal to the total population of 0-36-month-olds divided by the cluster size, i.e., 50. Each segment included 50 children. All segments were assigned a number on pieces of paper and one was randomly picked. Within the selected segment, the study team visited all the households until 50 children whose parents consented were examined. If all the households in a segment had been surveyed and less than 50 children were available, a second segment was randomly selected. The members of the households in the selected segments were requested to be available on the day of the survey.
Measures

Sociodemographic and Economic Data
During interviews, a structured questionnaire was used to collect the mother's sociodemographic information (age, marital status, years of education, occupation, number of live children), partner's information (age, education, occupation) and socioeconomic status, and child information (age, sex, health condition, breastfeeding, growth and immunization). The study was approved by the Kilimanjaro Christian Medical Centre Ethical Committee (certificate number, 298), the National Institute for Medical Research (NIMR) Tanzania (Certificate number, 938), and the Norwegian Regional Ethical Committee (Certificate number, REK 2011/1068).
Anthropometry
Anthropometric measurements (height and weight) were taken from the target child using recommended procedures [17] . The recumbent lengths for children less than 24 months of age were measured, and standing height was measured for older children. Weights of undressed children were taken using a SECA digital scale (SECA GmbH & Co. KG, Hamburg, Germany. The weight and height of children was taken to the nearest 0.1 kg and 0.1 cm respectively. Weight for age (WAZ), height for age (HAZ) and weight for height (WHZ) scores were generated using WHO standards [17, 18] . All anthropometric measures were taken by two trained research assistants. Poor nutritional status was defined according to WHO set standards. Underweight, stunting and wasting were defined as having a Z score below −2SD [18] .
Haemoglobin Levels
A finger prick blood sample was collected from the target child and haemoglobin (Hb) levels were determined using the HaemoCue rapid testing method (HemoCue AB, Angelholm, Sweden). The hemoglobin analysis was carried out on site and the results were given to the child's parent or guardian verbally. WHO cut off points to assess haemoglobin levels was used to assess anaemia. The cut off points for anaemia were: normal Hb levels ≥ 11.0 g/dL, mild anaemia Hb = 10.0-10.9 d/dL, moderate anaemia Hb = 7.0-9.9 g/dL and severe anaemia Hb < 7.0 g/dL [19] .
Data Analysis
Data were analyzed using Predictive Analytical Soft Ware (PASW) version 18. Descriptive statistics were used to summarize the data. The chi-squared test was used to test the significance of associations between dependent and independent variables. The dependent variables were underweight, stunting and wasting. The independent variables in this study were the mother's age, area of residence, marital status, education level, number of children, employment, socioeconomic status, as well as sex of the child, birth weight, child health concern, born twins, breastfeeding and father's education. Separate models were used to run each dependent variable and the independent variables. Logistic regression analysis was performed to control for confounders. Univariate logistic regression was performed, and all factors with a p value of <0.05 in the univariate analysis were included in the multivariate analysis model to obtain independent factors for underweight, stunting and wasting. Cases with missing values were excluded during the logistic regression. The clustering effect was considered during univariate and multivariate analyses. A multicollinearity test was performed before running the last model in the multivariate analysis and there was no evidence of correlation of independent variables. The conceptual framework ( Figure 1 ) was used to determine the factors associated with child undernutrition. cut off points for anaemia were: normal Hb levels ≥ 11.0 g/dL, mild anaemia Hb = 10.0-10.9 d/dL, moderate anaemia Hb = 7.0-9.9 g/dL and severe anaemia Hb < 7.0g/dL [19] .
Data were analyzed using Predictive Analytical Soft Ware (PASW) version 18. Descriptive statistics were used to summarize the data. The chi-squared test was used to test the significance of associations between dependent and independent variables. The dependent variables were underweight, stunting and wasting. The independent variables in this study were the mother's age, area of residence, marital status, education level, number of children, employment, socioeconomic status, as well as sex of the child, birth weight, child health concern, born twins, breastfeeding and father's education. Separate models were used to run each dependent variable and the independent variables. Logistic regression analysis was performed to control for confounders. Univariate logistic regression was performed, and all factors with a p value of <0.05 in the univariate analysis were included in the multivariate analysis model to obtain independent factors for underweight, stunting and wasting. Cases with missing values were excluded during the logistic regression. The clustering effect was considered during univariate and multivariate analyses. A multicollinearity test was performed before running the last model in the multivariate analysis and there was no evidence of correlation of independent variables. The conceptual framework ( Figure 1 ) was used to determine the factors associated with child undernutrition. 
Results
In this study, there were 1870 observations and 47 clusters; the average cluster included 39.8 observations. The minimum number of observations in a cluster was two and maximum was 71. There was a significant difference between clusters with a p value of <0.009 and ρ of 1.8%.
Child Information
About 52% (n = 977) of the children in the study sample were males. The mean age of the children was 12.2 months (standard deviation, SD, 7.8), and 65.3% (n = 1213) of the children were anaemic (See Table 1 ). 
Results
Child Information
Nutritional Status
Based on WHO definitions, 46.0% (n = 861) of the study sample were underweight, 41.9% (n = 784) stunted and 24.7% (n = 461) wasted. There was a significant difference of stunting among the six districts, p value < 0.001 (see Table 2 ).
In further analysis, 21.1% (n = 394) were both underweight and wasted, 12.1% (n = 226) were wasted and stunted and 32.5% (n = 607) were underweight and stunted. About 12% (n = 225) of children had all three nutritional status conditions. 
Breastfeeding Practices
During exclusive breastfeeding (EBF) the child is given breastmilk alone for the first six months. EBF practice for infants aged 0-6 months was 22.7% (n = 413). EBF was not associated with underweight, stunting and wasting.
Factors Associated with Underweight, Stunting and Wasting
In a univariate logistic regression, the following factors were associated with underweight: mothers with primary education crude odds ratio (COR) (COR: 0.6, 95% confidence interval, CI: 0.5, 0.9) and secondary education (COR: 0. Other factors such as maternal age, number of live children, father's education, child gender, number of children, mother's occupation and residence were assessed, but were not associated with underweight. In a multivariate logistic regression, child aged 7-12 months adjusted odds ratio (AOR) (AOR: 3.1, 95% CI: 2.2, 4.3), child aged 13-24 months (AOR: 6.3, 95% CI: 4.5, 8.8), breastfeeding (AOR: 0.6, 95% CI: 0.4, 0.8), child illness (AOR: 2.0, 95% CI: 1.5, 2.7) and birth weight (AOR: 0.2, 95% CI: 0.1, 0.4) were the predictors of being underweight (Table 3) . Mother's education, child's age in months, sex, birth weight, breastfeeding, child illness and socioeconomic status were variables adjusted in the model; low birth weight: child born weighing less than 2500 g; * variables with missing information; AOR: adjusted odds ratio; CI: confidence interval; COR: crude odds ratio; SES: socioeconomic status.
In a univariate logistic regression, the following factors were associated with stunting: mothers with primary and secondary education (COR: 0.6, 95% CI: 0.4, 0.9), father aged 35 years and above (COR: 0.6, 95% CI: 0.4, 0.9), child aged 7-12 months (COR: 1.2, 95% CI: 1.0, 1.6), child aged Other factors were assessed, but they were not associated with stunting. In a multivariate logistic regression, mothers with primary education (AOR: 0.6, 95% CI: 0.4, 0.9), mothers with secondary education and above (AOR: 0.6, 95% CI: 0.3, 0.9), father aged 35 years and above (AOR: 0.6, 95% CI: 0.4, 0.9), child aged 13-24 months (AOR: 2.9, 95% CI: 2.3, 3.9), child illness (AOR: 1.7, 95% CI: 1.3, 2.2), normal birth weight (AOR: 0.1, 95% CI: 0.1, 0.3), and living in Hai district (AOR: 0.5, 95% CI: 0.3, 0.8) were the independent predictors of stunting (Table 4) . In a univariate logistic regression, the following factors were associated with wasting: child aged 7-12 months (COR: 1.8, 95% CI: 1.4, 2.5), child aged 13-24 months (COR: 2.3, 95% CI: 1.7, 3.0), breastfeeding (COR: 0.5, 95% CI: 0.4, 0.7) and child illness (COR: 2.4, 95% CI: 1.9, 3.1).
In a multivariate logistic regression, child aged 7-12 months (AOR: 1.9, 95% CI: 1.3, 2.6), child aged 13-24 (AOR: 1.9, 95% CI: 1.4, 2.7), child being female (AOR: 0.8, 95% CI: 0.6, 0.9) and child illness (AOR: 2.3, 95% CI: 1.7, 3.0) remained associated with wasting, as outlined in Table 5 . Child's age, sex, birth weight, current breastfeeding, and child illness were variables adjusted in the model; * variables with missing information.
Discussion
This paper describes the child nutrition situation in six districts of Kilimanjaro and highlights the burden of more than one coexisting undernutrition conditions among children. This study showed a high prevalence of underweight (46.0%), stunting (41.9%) and wasting (24.7%). In further analysis, 33% of children were both stunted and underweight, 21% were underweight and wasted, and 12% were stunted and wasted. Factors that were associated with child undernutrition included the child being sick, child's age, birth weight, maternal education, being female, breastfeeding, living in the Hai district and the father's age.
The prevalence of child undernutrition is high in this setting. Other researchers in East Africa have reported an even higher prevalence of child undernutrition [14, 20, 21] . The prevalence reported in this study is higher compared to the one reported by the Tanzania Demographic and Health Survey 2010/2015. We observed a high prevalence of underweight. Underweight is reported to increase the risk of under-five death, as well as result in a greater risk of infection and a slow recovery from illness [22] . Our results also show a high prevalence of stunting. Stunting is reported by other researchers to be a common health problem in Tanzania [23, 24] . The TDHS shows that, for a period of 10 years, stunting was reduced by 8%. This is slow progress in reducing the stunting rate among children. According to Sustainable Development Goal (SDG) number 3, the global stunting rate should be reduced by 40% by the year 2025. If we fail to reduce the stunting condition, children will be exposed to the long term effects of stunting and may not reach their full growth potential [25, 26] . Stunting is reversible during the first 1000 days of an infant's life. Beyond that, it is irreversible [1] . Interventions that aim to promote maternal and child health at this period may reduce the problem of undernutrition and poor growth outcome [25] . Specific interventions to target local factors influencing stunting in this region may help to reach the SDG goal by 2025.
In this study, we observed that 33% of children both stunted and underweight and 12% are living with all three conditions. These children are at a higher risk of developmental delays and poor cognitive performance, leading to poor performance at school and, later in life, poor socioeconomic status and hence a continued vicious circle of poor nutrition. SDG 3 encourages the country to promote the well-being of their citizens with a special focus on early childhood [27] . This may help to break the vicious circle of stunting in our communities. There is a need for more efforts to reduce child undernutrition.
Maternal education reduced the odds for a child to be underweight and stunted. Maternal education is reported by other researchers to have a protective effect against child undernutrition [14, 19] . Maternal education might be an essential factor in proper infant feeding practices. Educated mothers might also have a better income.
Child illness increased the odds ratio of the child being underweight, wasted and/or stunted. Several studies have shown that child illness has a negative effect on child growth [28, 29] . Child illness affects dietary intake, absorption and utilization of nutrients, and hence affects child nutritional status [11, 30] . It is also important to treat infections early to avoid the risks of child undernutrition. As our study was cross-sectional (data were collected at one point), we cannot say which was the initiating factor, infections or undernutrition.
Child age was associated with underweight, stunting and wasting. In this study results showed as the child's age increased, the odds ratio of being underweight increased. Similar findings were reported by the TDHS [8, 9] . Several studies show that an increase in child age is a risk for undernutrition [16, 21, 31] . A study by Marriot also reported a higher prevalence of undernutrition among children aged 12-23 months compared to the younger age group [31] .
In this study, about 23% of children were exclusively breastfed and 84% of children were still breastfed. EBF had no effect on child undernutrition, but children who were breastfed had decreased odds of being underweight. Studies in Ethiopia and Botswana showed that breastfeeding reduced the odds of a child being underweight and wasted [29, 32] . The results of this study conflict with the results of the longitudinal study conducted by Fawzi and colleagues, which showed that prolonged breastfeeding was not a protective factor against underweight. In fact, it showed that prolonged breastfed children from poorer and illiterate mothers had a higher risk of being undernourished [33] . Despite the conflicting results, the results of our study support the WHO recommendation that children should be breastfed up to two years or beyond, because breastfeeding has been shown to have other protective effects on child health.
In this study, socioeconomic status was not associated with child undernutrition. Other studies showed that the economic status of a family plays a big role in child nutrition. Poor economic status may limit the family's to access food and health services. The TDHS report showed that children from a lower economic status had a greater risk of being underweight than those of a higher status [8] . A study in Tamil Nadu showed that children from families with a higher economic status had decreased prevalence of undernutrition [34] . Moreover, it is well documented that the burden of undernutrition affects the poor [13, 35, 36] .
In this study, female children had lower odds for being wasted. Several studies have shown that males were more at risk of being undernourished than females [8, [32] [33] [34] 37] .
Children with normal birth weight had reduced odds of being stunted, wasted or underweight. Other studies have reported the protective effect of normal birth weight on child nutritional status [32, 38] . Low birth weight is caused by poor maternal nutrition during conception or pregnancy [39] . Studies show that interventions such as micronutrient supplementation among pregnant women helps in reducing the risk of low birth weight [40] .
The strength of this study lies in the fact that we collected data from six districts of Kilimanjaro, so the results of this study can be generalized in the six districts. We also used a large sample size to estimate the prevalence of underweight, stunting and wasting. This study is limited in its design. We used a cross-sectional design, so our study cannot indicate a causal relationship of the factors associated with underweight, wasting and stunting.
Conclusions
The results of our study point to the need of a multi-sectoral approach to target child undernutrition among children less than two years of age. Broad approaches targeting mother's education and women's socioeconomic status are needed. This may be helpful to reduce the problem of child undernutrition. There is also a need for interventions to promote health care seeking and the treatment of childhood infections, as well as maternal health and nutrition during pregnancy to reduce low birth weight in children.
